University of Virginia Hospital, Charlottesville, Va.) ( Received for publication April 1, 1948) Abnormal liver function has been reported in malaria (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) , and in infectious mononucleosis (12) , and its occurrence has been mentioned in pneumonia (13) . Wade and Richmann (14) considered the possible influence of non-specific fever on the cephalin-cholesterol flocculation test, and Machella (15) has reported bromsulfalein retention during fever following foreign protein injection. Bragdon (16) recently reported a fatal case of post hypertherm hepatitis and others (17) (18) (19) (20) (21) (22) (23) (24) (25) (27) . Normal serum was always used as a control.
In the individuals in whom fever was induced by artificial means the following observations were made in each subject:
1. The bromsulfalein clearance (26 Group I: Acute infectious hepatitis with jaundice. One hundred and twenty patients in this group had overt jaundice at the time of admission to the hospital. The average duration of symptoms before admission was 8.0 days.
Group II: Tertian malaria. This group was composed of 100 patients treated in the hospital for malaria. In each instance the diagnosis was established by the finding of plasmodium vivax in the peripheral blood.
Group III: Primary atypical pneumonia. There were 100 patients in this group. In each instance the history, clinical course, leukocyte count, and chest roentgenogram were consistent with the diagnosis. The average duration of fever was 9.3 days and the average period of hospitalization of 50 unselected cases was 23.0 days. (It has been shown that "Q" fever was prevalent in the region at the time this study was carried out, and it is possible that some cases of this disease were included in Group III.)
Group IV: Miscellaneous conditions. This group consisted of 51 patients who gave a negative history of jaundice, malaria, infectious mononucleosis, and pneumonia, and had no evidence of these diseases during the period of observation. Of these, 37 were patients without fever who were diagnosed anxiety state In the study of the effect of artificially induced fever, 12 white subjects of both sexes, ranging in age from 16 to 50, were used. These patients with syphilis, arthritis, chorea, or psychoneurosis were subjected to 26 bouts of fever induced by the intravenous injection of killed typhoid organisms. These patients were not denied water and were given salt in the form of tablets at regular intervals during the febrile period. Liver function tests were performed before injection of the foreign protein and were repeated three to four hours later when fever had been present for about two hours. In nine individuals liver function tests were repeated within 24 hours after fever had subsided. Sample observations are shown in Figure 1 . The control studies were performed on white and colored subjects of both sexes, ranging in age from 16 to 56. Figure 2 are shown the results of the cephalincholesterol flocculation tests with reference to day of disease in three patients with atypical pneumonia. In a majority of these patients, we were unable to determine the length of time that the flocculation reaction persisted. In 19 patients the test was performed between 30 and 50 days after onset and a 3 plus reaction at 24 hours occurred in 14 patients, a 2 plus reaction in one.
RESULTS
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Bromsulfalein test Bromsulfalein tests were not performed in patients with jaundice (Group I). The relationship between the amount of fever in the patients in Groups II, III and IV and the percentage of these patients showing an abnormal bromsulfalein retention is presented in Table III . Abnormal dye retention occurred much oftener in each group when fever was present. No patients with malaria showed any dye retention when the test was performed two days or more after the termination of fever. Figure 3 illustrates the relationship of fever and bromsulfalein retention in an individual with atypical pneumonia.
Of the tests related to liver function, only the bromsulfalein test showed significant variation in subjects with fever induced by artificial means. In each subject the percentage of dye retention was greater during fever than in the control period ( Figure 4 In nine individuals liver function tests were repeated within 24 hours after fever had subsided. In four, the dye retention equaled control levels. In five, retention was above the control value but substantially below the value observed during fever.
To clarify these observations, three groups of individuals were used in various control studies:
1. In ten subjects who had various disorders associated with different degrees of bromsulfalein retention, bromsulfalein tests were performed and repeated after an interval of three hours. The results are shown in Table IV . In each individual the result of the second test agrees with that of the initial test. This procedure was done to determine if repeated injection of the dye at three-hour intervals caused any increase in dye retention.
2. In four subjects, five bouts of fever were induced by the application of external heat. These results, shown in Figure 5 , are similar to those obtained with foreign protein in that increased of the dye occurred after induction of 3 . It has been demonstrated that antipyretics in adequate dosage cause definite dissociation of the effects of foreign protein injection (32) . The fever, chills, nausea and vomiting, and the initial blood pressure rise are deleted, while the induction of renal and hepatic hyperemia remains unaffected (32, 33) . In view of this, eight subjects were given pyrogenic doses of foreign protein after they had received 0.6 grams of aminopyrine every four hours for at least 24 hours. The aminopyrine completely eliminated the expected chill and temperature rise. Bromsulfalein tests were performed before injection of foreign protein and repeated three hours later, when full effect of this injection would be expected. The results are shown in Table V . One subject showed an increase in bromsulfalein retention of 0 to 4% while in the other seven the results of the two tests were essentially the same.
DISCUSSION
It seems doubtful that non-specific fever alone is concerned in the production of positive cephalincholesterol flocculation tests in this series since positive tests were not observed in patients with induced fever and the incidence of positive tests in the malaria group was as high in afebrile patients as in those running a high fever. Furthermore, the incidence of positive tests in the convalescent non-febrile patients with atypical pneumonia was considerably higher than in the same patients while they were febrile. Moore, Hanger, et al. (34) have postulated that positive flpcculation tests may be due to (1) increase in gamma globulin, (2) decrease in serum albumin or (3) showed abnormal BSP retention much more often on days when fever was present, the time that the test was performed did not necessarily coincide with the peak of temperature elevation. The results obtained with induced fever suggest that more detailed observation may have shown even better correlation between the temperature and dye retention. The subjects who developed fever following foreign protein injection showed impaired ability of the liver to clear bromsulfalein. In patients with fever induced by the application of external heat, similar changes in clearance of the dye occurred. The administration of foreign protein which was not followed by temperature elevation, was not associated with impaired dye clearance. These results indicate that the fever rather than the foreign protein was the factor responsible for the dye retention. Since aminopyrine prevents the febrile response to foreign protein injection but does not prevent an increase in the blood flow to the kidney and liver, it appears probable that the diminished clearance of the dye observed in this study is due to impaired function of the cells in the liver rather than to changes in the hepatic circulation. The fact that in about one-half of the subjects with induced fever bromsulfalein clearance was impaired for 24 hours after fever subsided, favors this interpretation. In view of the jaundice and marked histologic change in the liver that has been reported after extreme hyperpyrexia (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) it appears probable that lower degrees of fever, such as encountered in this study, are associated with similar but less marked changes in the liver. 2. In a group of patients with atypical pneumonia, the highest incidence of abnormal cephalincholesterol flocculation reactions occurred during convalescence.
3. In all groups that were studied the incidence of abnormal bromsulfalein retention was much higher on days when fever was present.
4. Fever induced by artificial means was associated with diminished bromsulfalein clearance. For reasons presented in the discussion, it appears probable that diminished bromsulfalein clearance is due to impaired function of the cells in the liver.
5. The temperature of the patient at the time the test is performed must be considered in the interpretation of the bromsulfalein test.
